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Phase Based Tag Tracking System 



2 BACKGROUND 

Radio signals have been and continue to be used extensively for the purpose of 
locating and tracking objects. 

For location the position is normally computed by analysing signals that are received 
from two or more different geographically dispersed transmitters. There are a number 
of different techniques for doing this, including CURSOR as defined in EP0303371 and 
the commercially available GPS system. The various techniques include time-of-flight 
or phase measurement and may or may not require the transmitter network to be 
synchronised. 

Tracking an object may be accomplished using the same techniques as for location and 
sending the result to a monitoring point remote, from it. However, more usually the 
object has a transmitter that emits a radio signal. The location of the source of the radio 
signal is identified using a number of different techniques including direction finding 
using djrectional antennae or arrays of receivers that enable the difference in the time- 
of-amval orphase of the received signal to be measured and hence the location to be 
computed, - 



This inventus describes a new system for tracking a tag's position in real time bv 
measx^g the phases of the radio signals emitted by thf tag. The ta^iTrne device 
attached to the object, the location of which is required . S CC 

3 DESCRIPTION OF THE INVENTION 

The main elements of the Tracking System are: 

• It consists of a number of independent receivers geographically dispersed the 
number bexngat least equal to the number of dimension! requujfor tracking 
tag. So to track m two dimensions at least two receivers are required. The receivers 
are fixed in known geographic locations. me receivers 

• Each tag being tracked includes a transmitter that transmits a radio signal 
receivable by a number of receivers in the network at least equal to the numoe^f 
dimensions required for tracking The tag is mobile and may move 

' Z\tfe X^T** * - ^ *« ^ — 

• The measurements made by the receivers are communicated to a device (Position 
processor) which compares me measurements from the different received 

STZtv 8 '° Cati r tHe ** ^ P 05 " 10 " l—— «V ^ located with f 
the receivers or at a separate location. 

The signal transmitted by the tag may be a CW narrow-band radio Emission 
and the receivers measure the received phase of this signal. 

WWT 1 Wh ° Se ^ * being me3SUred COuld be * ^Snal modulated on a 
higher frequency carrier rather than the carrier itself. 

The choice of CW signal frequency (or modulating frequency) depend, on the 
accuracy required and the area of coverage within 8 <tecyJ?J££Z of Se 
signal wavelength. The cyclic ambiguity places the distance from aTp-ticufar 
receiver on one of a multiplicity of concentric circles. Y pamcUlar 

The mdetemunate phase of the respective oscillators at power-on leads to the need 

° f th - etranSmitter - ° nCe ~"(or initialised L system - 
able l0 traCk ** ta S P° slh ° n continuously and without cumulative error. 

The tags may transmit on a time division basis (or be interrupted) provided that ' 
^^ ims rema - I*>se continuous with one a^oth^ahd tnat^e 
phase twist between successive measurements is less than half a cycle 

-tones rocked 

Purposes is the difference beteen the £^£X^J£Z™ 
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The dual tone system may be up-converted in the tag using a mixer 
(multiplication) for transmission in any radio band, and then converted back down 
to baseband (once again using a mixing process) in the receivers, without 
destroying the basic phase measurement (the phase relationship between the two 
tones), and without the need to phase lock the local oscillators used for transmit 
and receive. 

Extending the dual tone system to incorporate three tones such that the difference 
frequencies n-b and a-c are significantly different (for example 100kHz and 5MHz), 
allows the cyclic ambiguity of the measurement of phase to be unique over a much 
larger area - at least equal to the wavelength of the smaller difference frequency - 
and yet providing the resolution of the higher difference frequency. ' 
The signal could be modulated in order to convey information from the tag to the 
receiver network. In this case only the carrier of the signal is used for calculating 
the tag position. 

In the case that the network of receivers are synchronised, but the mobile tag 
transmitter is not, a third receiver is required in order to resolve the clock offset 
between transmitter and receiver network. 

The network of receivers does not need to be synchronised: syncronisation can be 
achieved by using an additional transmitter (similar to the tag) installed at a 
known location. It could be co-located with one of the receivers or at a unique 
location, provided that the reference transmitter location is known. 



4 APPLICATIONS 

The system described may be used for a variety of different applications in which the 
location of a tag needs to be known by the system- It is ideal for systems operating 
withm a defined area, and which require continuous real time tracking of the tag. It 
could also be used in applications in which the location of the tag is relayed back to 
the tag using a communications link. The low complexity level enables the tag to be 
made extremely small and cheap. 



5 TECHNOLOGY 

This section describes an architecture and -implementation for such- a TS (Trackine 
System. ~ ~ ° 



5.1 Architecture 

The proposed TS architecture for tracking applications consists of:- 
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• A number of mobile units ($JJs), 

• three or more radio receivers at known locations, 

• A TS Base unit (BU), which could also be described as a Ebced flu, located at a 
known position, 

• A TS position processor (PP) which could be separate from the rest of the network. 
This architecture is illustrated in Figure 1 below. 




Figure 1 - TS Architecture 
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5.2 System Description 

Each RU. transmits a radio signal consisting of one or more unmodulated carriers The 
BU transmits a signal in the same way as the RUs. Each RU'is set to operate on a 
different frequency, or alternatively operate on a time based duty cycle, in order to 
distinguish between the different units. 

The signal from each RU Ls received at all {or at least a sufficient number) of radio 
receivers, which also simultaneously receive the signal from the BU. This enables each 
radio receiver to derive measurements representing the differences between the 
Signals from each RU and the BU. 

The difference measurements are communicated back to the PP which is then able to 
algo^thms P ° Siti0nS ° f eaCh RU relatiVe t0 BU ' ^"g the position processing 

Thus the system needs to be supported by a communications network linking the TS 
receivers and the PP. This network may optionally also connect with the BU for 
purposes of management and support. 

5.3 Initial Position Determination 

Being able to determine the initial position of a RU, is considered the most important 
technical problem requiring solution in order for the TS to be commerciauy and 
practically viable. y 

Assuming a typical operating area having linear dimensions up to 3km, and an 
operating frequency of 3MHz, there are 30 signal wavelengths and hence considerable 
possible ambiguity in position. Operating at a frequency of 100kHz would very nearly 
solve the cyclic ambiguity problem, but would yield a far lower location accuracy 
\3\Jm estimated.) J 

A solution appears to be to use a combination of frequencies: the lower giving a coarse 
fix enabling the cyclic ambiguity of the higher to be resolved, and- the higher providing 
the better locaUon accuracy. Thus one could use frequency pairs such as 

• 100kHz and 3_h^-(good for up to 3km and-3m accuracy) " - 
30kHz and 1MHz (good for up to 10km and ~6m accuracy) 

tnfJu °7 reqUenCie j need to be synthesised from a stable oscillator based 

on the lowest common demoninator frequency. 
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5.4 Frequencies and RF Planning 
5.4.1 Genera] Considerations 

The most attractive licence exempt frequencies in the UK appear to be: 

• 2.45GII*. Used for LANs. 83MHz available. Good for short range - probably one or 
two kilometre given an uncluttered environment, or 100m in wooded areas. 

• 870MHz. 2MH?. available but fragmented in terms of power available etc. 

• 173MHz. 1MHz available, low power - probably good for a few kilometres in K ood 
propagation conditions. ° 

' l G ^' h TT 150MHZ 3nd 350MHz spectrum potentially available 

between 5GHz and 6GHz. The band is earmarked for LAN type applications 
requiring higher bandwidths than the 2.45GHz band can support. 

In order to achieve the ideal operating frequency of around 1MHz to 10MHz the 
signal could be derived as the difference between two synchronously generated 
earners spaced Ws distance apart. In order to achieve the dual frequency operation 
required for IPD, three carriers will be required. Thus a RU could rLimit Te 
following frequency triples for example: 

• • f, f+O.lMHz, f+3.0MHz or f, f+Z9MHz, f+3.0MHz 

• f, f+0.03MHz, f+l.OOMHz or f, f+0.97MHz, f+l.OOMHz 

^LTbfT^I SU 5 §6StS **' ^ m ° St a PP-P ria ^ band may well be the 
2.45GHz band. This is also the most universally available world wide allowing access 
to many markets in addition to the UK. 8 aCCess 

5.4.2 The 2.45GHz Band 

Uner^ * f ° r **** ^ applications. The devices operating in it 
generally use spread spectrum techniques - either frequency hoppL or direct 
sequence. Depending on the implementation it is normally divided Zo d^d^A 
common channel bandwidth is 1MHz. This would suit the TS well as the RU^uMbe 

S^by^rJ^* ^ " ^ « — or 

The carrier spacing would be dictated largely by the required stability of the local 
osollator in the RU. A 4 PP m oscillator would yield ±10kHz on the trar.miL earner 
Th, would allow RUs to operate on a 30kHz spacing. Tins allows 20 RU^o sharTrw 0 



1MHz channels. A lppm oscillator would give ±2.5kHz and would allow a 10kHz 
spacing, yielding 60 RUs sharing the channel pair. Careful frequency planning should 
allow this to be increased to at least 80. 

Theoretically, using all 42 channel pairs would allow more than 3000 unique RUs. 

The regulations governing use of the band may restrict the system to a transmit duty 
cycle as low as 1% or a few %. Provided the reference oscillator is not shut down 
between transmissions this should not affect the operation of the TS. On the positive- 
side it will reduce RU power consumption and also the chance of interference with 
other devices using the band. 

5-5 Implementation 



5.5.1 RU Design 

The RU would be implemented as a compact battery powered device. In this 
implementation it would be a transmit only device. The requirements for size, battery 
life, operating range, update rate and cost would be traded off against one another to 
achieve an application specific performance profile for the particular RU. 

A RU operating in the 2.45GHz band should be no larger or heavier than a 
conventional pager device. Being transmit only it is extremely simple. 

5.5.2 The TS Receiver Units 

These are receive only, but they need to be able to receive and simultaneously process 
the signals from a large number of RUs. In the simplest system this could be as few as 
20, but in larger more complex implementations up to 1000 are envisaged. 

It is Kkely that the Receiver will use digital software radio techniques to capture two to 
ten IMITz channels (up to 10MHz bandwidth) from which the independent TS carriers 
will be extracted and offset against the reference BU(s). 

The Receiver units will need to be permanently, or semi-permanendy, installed and 
may need a mains power supply. It Ls possible that a portable version of the receiver 
could be built for short term use in covering specific areas. 

La addition to the TS processing there are two further requirements on the receiver 



• They need a communications channel with the PP, 

• Their locations need to be accurately known. 

These aspects of the system implementation are covered in thfe following sections of 
this document. 

5.53 The CBU 

The BU could be viewed as a RU installed at a fixed location. However, in addition to 
the need to know accurately where it is, there maybe advantages in linking it to the 
communications network connecting the Receivers to the PP. It is also likely that it will 
need a permanent, or semi-permanent, installation and mains power. 

5.5.4 The Communications Network 

For a system operating in the 2.45Gffc band it would make sense to use the same band 
for communications with the PP. It would probably mean losing the TS receive 
function during data transmit, but this would be a short duration outage that should 
not adversely affect overall system performance. Since only one receiver would be 
affected at any one instant, there should still be enough operating to provide 
continuous coverage of most RUs. 

Standard 2.45GHz LAN components fitted with directional antennas would be used. 

5.5.5 Receiver and CBU Location 

For a permanently installed system these would be surveyed in a one-off operation 
during system installation. 

However, as an alternative, the Receivers and BU could be co-equipped with 
Differential GPS receivers. The reference GPS (probably at the BU) would be 
accurately located and the differential corrections would then be transmitted to the 
other units using the existing communications network. This would allow temporary 
Receiver installations-to be done with minimum difficulty. 

5.6 Position Processor 

Logically the Position Processor can be separated from the RUs, BU and Receiver 
elements. In practise it may be physically linked with one of theseunits. 
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For systems having large numbers of RUs, it is felt advantageous to separate the 
computation of the RU locations from the extraction of the RU data relative to the BU, 
as this function may be closely linked with the application. 

This separation also provides a small amount of security against eavesdropping on 
data exchanges between RUs, Receivers, BU and PP in the network- 

5.7 Summary 

The system described could operate in any of the bands suggested, although the 
characteristics of each system would differ. The 2.45GHz band appears to result in the 
most flexible solution, although it suffers some restrictions. The most useful 
alternative is thought to be 173MHz. 

Using the 2.45GHz band provides a system with the following key attributes: 

• Only a single band is required and it would be used for both TS location and as a 
communications network within the system. This means that the system can be 
built without the need for a separate wired communicatioris infrastructure linking 
the BU and Receivers to the PP. 

• Using just 10MHz of the available spectrum would allow up to 300 RUs to operate 
simultaneously in an area with a position output latency of less than one second. 
Accepting a greater latency in location output may enable many more RUs to 
operate simultaneously - 

• A location carrier of up 5MHz could be used, which should yield accuracies of a 
few metres or better in suitable operating environments. 

• Operation in an uncluttered environment could be over an area as large as 3km 
diameter, aldiough it is expected that the operating range would normally be 
somewhat less. Operation in cluttered environments, including wooded or 
forested areas, is likely to be marginal. 

• The system can potentially be built extremely cheaply since 2.45GHz components 
are becoming widely available. 

A system operating in the 173MHz band may have the following key attributes: 

\* _ _ ■" -. 

~_ • The 173MHz band could be used for RU location, but a separate communications 
network linking Receivers, BU and PP would be required. 

• The RU could be extremely small and cheap. - - - 

• Using die 1MHz of available spectrum up to 100 RUs could simultaneously be 
tracked on a continuous basis with location latencies of one second or less. More 
could be supported by time multiplexing the transmissions. 



Accuracies of around 6m are expected to be possible. 

The low power nature of the band means that operational ranges are quite limited, 
probably 3km or slightly more. 

Operation in cluttered environments is better than 2.45GHz, but remains 
somewhat unpredictable. 



